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FOREWORD 

This paper is issued jointly by the Ministry of Labour & National Service' 
and the Advisory Council on Scientific Policy, and embodies the results of 
two related inquiries. 

The first was initiated by the Ministry of Labour which, advised by its 
Technical Personnel Committee, is responsible for questions affecting the 
short-term demand for scientific manpower. This inquiry, which was carried 
out with the help of the Social Survey, is concerned with the present number 
and distribution of scientists and engineers, and with the demands of industry 
and the other main users of scientific manpower in three years’ time. The 
results of the inquiry are set out in Part U of the paper. 

The second study was made by the Committee on Scientific Manpower of 
the Advisory Council on Scientific Policy, and was based partly on the results 
of the Ministry of Labour survey and partly on other sources of information. 
This study is concerned with the likely trend in the long-term demand for 
scientists and engineers, and the conclusions reached are given in Part III of 
the paper. 

It is the responsibility of the Advisory Council “to advise the Lord President 
of the Council in the exercise of his responsibility for the formulation and 
execution of Government scientific policy” and the Council has in particular 
been asked to make recommendations about “the arrangements for securing 
an adequate flow of scientific manpower to meet the needs both of Govern- 
ment and of industry”. The Advisory Cotmcil, in studying the trend of future 
demand, is thus carrying on the inquiries started by the Barlow Committee 
which reported in 1946 (Cmd. 6824). Their purpose is to facilitate forward 
planning by giving a broad indication of the requirements likely to arise on 
the most reasonable assumptions which can be made about the future. 
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SCIENTIFIC AND 

ENGINEERING MANPOWER IN GREAT BRITAIN 

Part I 

Introduction 

A continuing shortage of scientific manpower has become a familiar feature of 
the post-war scene. Its underlying cause is the accelerating pace of economic, 
political and technical change in the modem world; and its most important 
manifestation the competition, both within and between industrialised countries, 
to apply the fruits of new scientific and engineering discovery to production and 
commerce. Almost every country has had to introduce special educational 
measures to deal with the situation. In the United Kingdom, the Barlow Com- 
mittee, appointed in 1945, considered the question of scientific manpower, and 
recommended that the output of science graduates should be doubled at the 
earliest possible moment; and that, in discharging this task, the universities 
should be assured of the necessary assistance from the Exchequer (Cmd. 6824). 
The Committee also endorsed an earlier recommendation of the Percy Com- 
mittee on Higher Technological Education, that full-time technological courses 
of university degree standard should be established at a selected number of 
technical colleges. Bold though they were, the Committee nevertheless felt that 
its proposals did not go far enough to assure that the supply of science and 
engineering graduates would have overtaken demand by the year 1955. Events 
have more than justified this view. 

2. The universities took only four years to implement the main recommendations 
of the Barlow Committee. Their achievement was all the more remarkable 
because there was no lowering of educational standards in spite of considerable 
difficulties over accommodation and staff. In a report (Cmd. 8561) submitted 
in 1952, the Scientific Manpower Committee of the Advisory Council on 
Scientific Policy had, however, to reiterate the warning that, in spite of the post- 
war expansion that had already occurred in the universities, the shortage of 
practically all kinds of trained scientists and engineers was likely to be an 
enduring one. In view of the urgent need to increase their number in British 
industry, the Committee accordingly recommended that every effort should be 
made to increase the supply, with particular emphasis on chemists, chemical 
engineers, electrical engineers, mechanical engineers and physicists. These 
conclusions were endorsed by the Advisory Council on Scientific Policy, and 
since then plans to strengthen the engineering and scientific departments in a 
number of universities, including the Imperial College of Science and Technology, 
have been set in motion with the help of funds specially voted for the purpose. 
The Government has also recently announced a programme for the development 
of the technical colleges of the country,, including the up-grading of a number 
of _ institutions into colleges of advanced technology (Cmd. 9703). As the 
universities are now submitting to the University Grants Committee proposals 
for further expansion during the course of the quinquennium 1957/62, the time 
seemed appropriate for the Committee on Scientific Manpower to attempt a 
more precise assessment of the likely demand for trained scientists and engineers 
over the period ending in 1970. 

3. ^ Hus was made possible by the fact that the Ministry of Labour had embarked, 
with the help of the Social Survey, upon an inquiry into the number of scientists 
and engineers now employed by manufacturing industries and into employers’ 
estimates of requirements in three years’ time. The investigation has since been 
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extended to cover other sectors of the economy. The need for information of 
this kind had been recognised in previous inquiries into the subject. But, for 
want of better data, earlier estimates, such as that of the Barlow Committee in 
1946, have had to be based mainly on an actuarial analysis of the number of 
diplomas and university degrees which have been awarded by the technical 
colleges and universities over the past thirty years or so. 

4. The purpose of the Committee on Scientific Manpower’s present exercise has 
been to set a goal for the universities and the technical colleges in order that 
present and future demands for trained scientific manpower should be met. 
Much has been written and said in recent months about the relative weakness 
of the British effort in higher education in science and technology, in comparison 
with that of certain other countries. The Committee has been kept informed 
about all the available facts, but, in the absence of any yardstick by which to 
measure the relative standards of education in different countries, it has not 
attempted, in reaching its own conclusions, to use the information which forms 
the basis of these international comparisons. 

5. The new data on which the Committee’s analyses' have been based, and which 
have been provided by the Ministry of Labour’s inqui0, constitute the most 
reliable information that has yet become available about the number employed 
as scientists and engineers in Great Britain. Whatever faults the present assess- 
ment of future needs may prove to have, it is thus at least more firmly based 
than those by which it has been preceded. On the other hand, since they provide 
the source of all future calculations, it is necessary to be quite clear about the 
fields which the figures cover, and those which have been omitted. 

Definitions 

6. A previous Report by the Committee on Scientific Manpower (Cmd. 8561) 
used the term “scientist” in a general way to signify a man or woman trained 
either in fundamental or applied science to the level of a university degree or 
equivalent qualification. That report related both to research workers engaged 
in extending the boundaries of fundamental knowledge and to the much larger 
number of scientists, in engineering and other technologies, whose task it is to 
apply the fruits of research to practical ends. In the sense of this definition, the 
term “scientist” covers the definition of technologist given in the Government’s 
recent White Paper on Techmcal Education (Cmd. 9703) : “a technologist has 
the qualifications and experience required for membership of a professional 
institution. Most university graduates in engineering and other applied sciences, 
and a good proportion of holders of Higher National Diplomas or Certificates 
or similar qualifications, become technologists”. 

In the present inquiry, we have reverted to the use of the two terms “scientist” 
and “en^eer” to cover the basic sciences on the one hand, and the applied 
sciences in the_ engineering field on the other. Following the practice usual in 
nmversity' statistics, metallurgy is included with engineering under applied 
science. The term “scientist” in this report covers the follo'wing disciplines : 
biolo^ (all branches) 
chemistry (other than pharmacy) 
geology 
mathematics 
physics 

general science 

while the term “engineer” covers people with a degree or other professional 
qualification in : 

chemical engineering 

civil and structural engineering 
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electrical engineering 
mining engineering 

mechanical, aeronautical and other engineering 
metallurgy 

We wish to emphasise that the terms “scientist” and “engineer”, as used in 
^s report, refer only to people with qualifications in the subjects listed above 
They exclude people who have studied science at the universities but qualified in 
other fields, notably agricultural science, medicine, dentistry and veterinary 
science The report does not include people with specialised qualifications in 
certain fields of technology, e.g. textiles and rubber ; nor does it include the 
social sciences. 

7. In this report we have concentrated attention on the demand for “qualified” 
scientists and engineers. Any definition of the term “qualified” must be arbitrary. 
For the purpose of this report it includes people who have a university degree 
m science or engineering, or are associates of certain bodies such as the 
Manchester College of Technology, or are corporate or graduate members of 
the professional institutions listed in Appendix I. This was the definition adopted 
in the questionnaires issued by the Ministry of Labour and the Social Survey. 
In those ouestiomaires, information was also sought separately about the 
number c electrical and mechanical engineers with qualifications not going 
beyond the Higher National Certificate or the Higher National Diploma, but 
we have not attempted any specific estimate of future demand for such categories. 
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Part II 



Present Distribution of Scientists 
and Engineers 

and Stated Requirements in 1959 

RESULTS OF THE MINISTRY OF LABOUR] INQUIRY 
Scope of the inquiry 

8. The objects of the Ministry of Labour’s inquiry were first, to discover the 
number and distribution of scientists and engineers already in employment ; and 
second, to obtain an idea of the additional number that would be required by 
the end of the next three years. A period of three years was chosen as being the 
furthest ahead employers, in general, could be expected to forecast their probable 
requirements. 

9. The inquiry into the employment of scientists and engineers in the private 
sector of the manufacturing and building and contracting industries was carried 
out by the Social Survey, and was linked with an inquiry on behalf of the 
Department of Scientific and Industrial Research into the proportion of 
industry’s resources spent on research. Information was sought from all manu- 
facturing establishments employing 500 workers or more, and from a sample of 
those with between 100 and 499 workers. Estabhshments with less than 100 
workers were not approached. In the building and contracting industry the 
sampling arrangements were slightly different. Fuller details are given in 
Appendix V. 

10. The Ministry also obtained information from the boards of nationalised 
industries, central Government Departments and Local Authorities. The 
Department of Scientific and Industrial Research supplied information about 
the number employed in industrial research associations. Statistics regarding 
teachers of science and engineering in schools, colleges and universities were 
supplied by the Education Departments and the University Grants Committee. 

11. Agriculture, the non-nationalised parts of the mining and transport 
industries, shipping, the distributive trades and miscellaneous service industries 
were not covered by the inquiry. Self employed persons and persons employed 
by firms of consultants were also excluded. 

Scientists and engineers employed in Great Britain 

12. The following table summarises the information that was obtained as a 
result of the inquiry. A more detailed analysis is given in Appendix II. 
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Employment of Scientists and Engineers in early 1956 {excluding 
the employments shown in paragraph 11, and manufacturing and 
building and contracting establishments with less than lOO workers) 





Qualified 

Scientists 


Qualified 

Engineers 


Total 

Qualified 

Scientists 

and 

Engineers 


Total number 
of Engineers 
with H.N.C., 
H.N.D., or 
equivalent 
only* 


Manufacturing Industry^ 
Nationalised Industries*. . 
Central Government 
Local Authorities 
Education 


17,050 

2,420 

5,800 

350 

25,610 


37,000 

14,660 

8,050 

6,330 

2,430 


54,050 

17,080 

13,850 

6,680 

28,040 


22,790 

5,330 

1,710 

320 


Total 


51,230 


68,470 


119,700 


30,150 



^ Including the building and contracting industrj', and industrial research associations. 

‘ Including Atomic Energy Authority. 

' Except where stated to the contrary, all the figures in this report relate to qualified scientists 
and engineers. 

The figures above may include a number of scientists and engineers working 
abroad for British firms, but, in general, persons working abroad have been 
excluded. No allowance has been made for people working in H.M. Oversea 
Civil Service or in temporary Government employment abroad. 

13. Rough estimates have been made of the number of scientists and engineers 
in employment not covered by the inquiry, i.e. those employed by manufacturing 
and building and contracting firms with less than 100 workers, those in the 
industries and occupations mentioned in paragraph 1 1 and those in the regular 
Armed Forces. On the basis of these estimates, which are necessarily imprecise, 
the total number of qualified scientists and engineers as defined in paragraph 6 
in employment in Great Britain is approximately as follows : 





Qualified 

Scientists 


Qualified | Total 

Engineers j 


(a) In employment covered by the 
inquiry 


51,230 


68,470 


119,700 


(b) In other employment . . 


5,000 


10,000 


15,000 


Grand Total 


56,230 


78,470 


134.700 



This grand total has been taken as the basis of the long-term estimates made 
in Part III of this paper. It excludes about 4,700 qualified scientists and 2,300 
qualified en^neers not in employment but engaged in post-graduate research at 
the universities or on National Service. It also excludes the important categories 
referred to in the final sentence of paragraph 6. 

14. Of the total 134,700 qualified scientists and engineers, about 43 per cent are 
in manufacturing industp', 12J per cent in the nationalised industries, 21 per cent 
in teaching, 10 per cent in central Government, 5 per cent in local Government, 
and 8 per cent in miscellaneous occupations. Nearly half of the qualified scientists 
are engaged in teaching and three-quarters of the qualified engineers are in 
industry. 

15. The number of qualified scientists and engineers in Great Britain, dealt with 
in this report, represents approximately 0-6 per cent of the total working 
population of 24 millions. In addition there are 30,150 engineers with no higher 

5 ■ 



Printed image digitised by the University of Southampton Library Digitisation Unit 



qualification than Higher National Certificate, Higher National Diploma or the 
equivalent, nearly all of whom are employed in industry. 



The distribution of scientists and engineers between industries 

16. Tables I and II of Appendix III give a detailed analysis of scientists and 
engineers employed in various groups of manufacturing industry, and in the 
nationalised industries. 

17. The striking feature of the distribution of qualified scientists and engineers 
between industries (both pubUcly and privately owned) is their concentration in 
a relatively few industrial groups. Of the total of 48,800 quahfied scientists and 
engineers in the manufacturing industries shown in Table I of Appendix III the 
following industry' groups, accounting for only three-tenths of the total employed, 
include very nearly two-thirds of the scientists and engineers : 



Chemicals (IVay 8,300 

Other plant and machinery (VIo) . . . . 6,700 

Electrical engineering (Vie) . . . . . . 12,200 

Aircraft manufacture (Vllb) 4,300 



18. The proportion of qualified scientists and engineers to total number 
employed varies widely from one industry to another. The highest proportions 





Per cent 


Atomic Energy Authority 


10-91 


Mineral oil refining . . 


5-2 


Electricity authorities 


2-9 


Chemical and alHed trades . . 


2-7 


Electrical engineering 


2-0 


.Aircraft manufacture 


1-9 


Constructional engineering . . 


1-5 


Gas Council and Area Boards 


1-2 


Non-ferrous metal manufacture 


M 


Rayon, nylon, etc 


M 


Other plant and machinery . . 


1-0 


Average for all industries 


0-8 



^ The high percentage is partly due to the fact that the Atomic Energy Authority is primarily 
a research and development and pioneering organisation. 

In none of the other industries covered by the inquiry is the proportion as much 
as 1 -0 per cent. In two major industries — shipbuilding and motor manufacture — 
the proportion is 0-4 per cent. Some industries, e.g. cotton, wool and wood, 
cork, paper and printing have less than 0 -25 per cent. It should be noted, however, 
that the inquiry does not cover specialised qualifications such as those held by 
textile technologists. 

19. The employment of scientists and engineers in industry by profession is 
shown in Appendix IV, Tables I and II. 



The distribution of scientists and engineers outside industry 

20. Of the 13,850 scientists and engineers in Government employment, just over 
one-half are in the defence departments (including the Ministry of Supply), just 
over a quarter in the civil departments and one-sixth in the research departments. * 

* The Department of Scientific and Industrial Research, Agricultural Research Council, 
Medical Research Council and the Nature Conservancy. 
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qualified scientists and engineers employed by local authorities 
r! n for teaching), the great majority are civil engineers (80 per cent of the 
total). Table III of Appendix IV shows the distribution of scientists and engineers 
in Cjovernment and Local Authority employment by profession. 

fitialified scientists engaged in teaching, and about 
2,400 en^neers . Of this total 1 3 per cent are in the universities and the remainder 
in schools, technical colleges, teachers’ training colleges and other further 
educational establishments. The number in Scottish schools, etc. is just over a 
quarter of the number m schools, etc., in England and Wales, because in all 
secondary schools in Scotland teachers of mathematics or science are normally 
required to be graduates. The distribution of scientists and engineers engaged 
m teaching is shown in Appendix IV, Table IV. 



Types of work done by scientists and engineers in industry 

22. The inquiry form sent to industrial establishments asked for the number of 
scientists and engineers employed to be sub-divided under three heads viz 
(1) those employed on research and development, (2) those employed on 
manutacture, production, operation, maintenance and installation, and (3) those 
employed on other work. 

23 Of the total of qualified scientists and engineers employed in manufacturing 
industry, ^ covered by the inquiry, about 45 per cent were shown to be 
engaged in research and development, 47 per cent in production main- 
^^nce and installation, and the remainder (8 per cent) in “other work” 
The heading other work” covers about 4,100 people of whom a large proportion 
may not be engaged directly on any form of scientific or engineering work. The 
figures are given in detail for each manufacturing industry in Table I of 
App^endix III. Comparable figures for all the nationalised industries are not 
available ; the figures that are available are given in Appendix III, Table II. 

allocation of staff between these functions must have presented consider- 
able difficulty and comparability of definition cannot be assumed. So far as the 
figures go, they suggest : 

(i) well above average proportions engaged in researdi and development 
m the following industries ; 

aircraft 

electrical engineering 
precision instruments, etc. 
rayon, nylon, etc. ; 

(ii) well below average proportions engaged in research and development 
in the following industries : 

shipbuilding and repairing 
railway equipment 
iron and steel 
non-ferrous metal 
other plant and machinery. 



Demand for scientists and engineers in the next three years 

(a) Requirements reported by industry 

25. Employers were asked to estimate the number of qualified scientists and 
engineers in each category that they aimed to employ three years hence on the 
assumption that the required number of recruits would be forthcoming. They 
were not asked to provide such information in respect of persons holding only 
Higher National Certificates or Higher National Diplomas. The requirements 
summarised below are given in fuller detail in Tables I and II of Appendix IV. 
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' Number 
employed 
1956 


1 959 requirements 
stated by employers 


Number 


% increase 
over 1956 


Manufacturing Industry . . 


.. 1 48,800 


67,000 


37 


Building and Contracting . . 


. . i 3,800 


5,000 




Research Associations 


.. ' 1,400 


1,740 




Nationalised Industries and Atomic • 






Energ>’ Authority’" 


.. j 17,100 


20,900 


22 


Total industry* 


.. 1 71,100 


94,640 


33 



*In estimating 1959 requirements an arbitrary increase of 30 per cent oyer 1956 has been 
assumed as regards scientists and engineers employed by the Atomic Energy Authonty. 
(See Appendix IV, Table H, Note ^.) 



26. In considering these statements of demand in 1959 it should be noted that 
employers’ estimates have presumably included not only an allowance for growth 
of output during the next three years but also some allowance to meet an existing 
shortage of qualified scientists and engineers. 



(6) Requirements of Central Government, Local Authorities and Teaching 

27. Requirements reported by Government Departments, Local Authorities, 
Education Departments, and the University Grants Committee are as follows : 





Present 

numbers 


Estimate 
of 1959 
require- 
ments 


% 

increase 

over 

1956 


I . Central Government^ 




8,500 


12 


{a) Defence Departments 


7,600 


(b) Ciril Departments . . 


3,900 


4,450 


14 


(c) Research Departments 


2,350 


2,900 


23 


Total . . 


13,850 


15,850 


14-5 


2. Local Authorities® 


6,700 


8,500 


27 


3. Teaching 




4,350 


34 


(a) Universities® 


3.250 


lb) ^hools, etc. 


24,800 


26,700 


8 


Total . . 


28,050 


31,050 


11 


Grand Total 


48,600 


55,400 


14 



* The estimates for 1959 were made on the policies existing at 1st January, 1956, i.e. before 
the decision to make a 10-15,000 reduction in the size of the Civil Service and a £100 million 
reduction in Government expenditure. 



2 Excluding Local Education Authorities. 

® University requirements in 1959 were estimated before the University Grants Committee had 
received the Universities’ estimates for 1957-62 and are conjectural. 

28. Of the Central Government’s future requirements, those of the Research 
Departments represent the greatest expansion. The requirements of Government 
Departments as a whole increase considerably less, proportionately, than those 
reported by industry. The future needs of Local Authorities are mainly for civil 
engineers. 
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Future requirements by categories of scientists and engineers 

^ requirements in 1 959 by categories of scientists and engineers are 
giwn by industry groups, and for Government Departments Local Authnri ties 
folblT: MV of Appendix IV. SuSimarrsed: tke fi^^^are Ts 



Number 
employed 
in 1956 



(a) Scientists^ 
Biologists 
Chemists 
Geologists 
Mathematicians 
Physicists 
Other Scientists. . 

Total Scientists 



{b) Engineers^ 

Chemical Engineers 
Civil Engineers . . 

Electrical Engineers 

Mining Engineers 

Mechanical and other Engineers 

Metallurgists 

Engineers in teaching ^ 

Total Engineers^ . . 



(e) Total Scientists and Engineers^ 



4.800 
20,700 

900 

11.500 

10.500 

2.800 



51,200 



1,500 

12,800 

17,800 

3,800 

27,000 

3,200 

2,400 



Estimated 
demand 
m 1959 



5,400 

25,200 

1,100 

13,000 

12,900 

3,100 



60,700 



2,200 

16,200 

22,900 

4,800 

35,800 

4,400 

3,000 



Increase 

over 

1956 



600 

4.500 
200 

1.500 
2,400 

300 



9,500 



68,500 



89,300 



119,700 



150,000 



700 

3,400 

5,100 

1,000 

8,800 

1,200 

600 



Percentage 
increase 
over 1956 



12-5 

22 

22 

13 

23 

11 



18-5 



20,800 



30,300 



47 

27 

29 

26 

33 

38 

25 



30 



26 



^ See note * to paragraph 25. 

^ No complete breakdown is available. 

® In employment covered by this inquiry. 

jO. Amongst scientists the greatest demand numerically in the next three years 
IS for chemists. Amongst engineers the greatest demand in SSs iffor 
mechamcal and other engmeers, but an increase of 47 per cent is required in 
chemical engmeers and 38 per cent in metallurgists. ^ 

31. Excluding the categories referred to in the last sentence of paraeraDh 6 but 
including 4e 7,000 on National Service or engaged on post-graduate research the 
total number of qualified scientists and engineers in Great Britain is estimated 
(see paragraph 13) to be about 61,000 and 81,000 respectively. Even™ the 

scientists in the fields of employment not covered by the 
^ substantial gap between the present count 
o ^ scientists and the numbers shown in previous inquiries. As far back 

55 ooo^sdentist ?’'™^ f (Cmd. 6824) that there were then 

55,000 scientists, and a later estimate gave a figure for 1954 of 78,000 scientists.* 

32. One source of difference arises from the omission irom me 1956 survey of 
raentists worfang abroad. It is possible also that insufficient allowance ha? been 
made in previous estimates for women science graduates who were no longer in 
employment. But the greater part of the d ifference is probably to b™cZSeS 

*SwfsSm Emope™ “Shly qualified scientists and engmeers 
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for by science sraduates who have taken employment in other fields, for example 
men with degrees in physics now classified as engineers, or rnathematicians now 
working as actuaries, or by men and women with quahfications in science now 
in employment in which such qualifications are not demandea. 

33. The number of qualified engineers revealed by the inquiry agrees reasonably 
well with other calculations based upon the number of past awards of university 
degrees and corresponding qualifications in the engineering sciences. 
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Part III 



The Long-Term Demand 
for Scientists and Engineers 

ASSESSMENT BY THE 
COMMITTEE ON SCIENTIFIC MANPOWEK 

Basis of assessment 

34. The basis of the Committee on Scientific Manpower’s present assessment of 
the long-term demand for scientists and engineers derives from the belief, for 
which there is much circumstantial evidence, that there is a definable relationship 
between the rate of increase of industrial production on the one hand, and the 
number of trained scientists and engineers employed by industry on the other. 
In what follows an attempt is made to attach numerical values both to the ratio 
between changes in industrial output and changes in the number of scientists and 
engineers employed, and to a realistic assessment of the rates at which the 
economy as a whole, and the major sectors of industry separately, are Hkely to 
grow in the years ahead. By relating the one to the other, we have tried to assess 
the total number of scientists and engineers that might be required in industry, 
teaching and administration ten years hence; and also to assess the implications 
of this estimate in terms of the required annual output of engineers and scientists, 
in 1966 and 1970. 

The relationship between the growth of the economy and the number of scientists 
and engineers in employment 

35. In all countries which are in the forefront of industrial progress there is a 
tendency to increase the value of plant used per man employed, and the propor- 
tion of high-grade to low-grade staff. The tendency to employ more and more 
scientists and engineers in relation to the total labour force applies particularly 
to the most rapidly growing sectors of manufacturing industry. The precise 
nature of the relationship which prevails between the growth of a particular 
industry on the one hand (whether measured in terms of numbers employed, 
output or productivity), and its level of scientific employment on the other is, 
however, difficult to determine. It is also uncertain whether past and present 
trends in the relationship will necessarily continue unchanged into the future. 
In a few cases about which we have been given information, and which cover a 
period of some seven years, the ratio of increase in numbers of scientists and 
engineers employed to increase in output appears to have been in the neighbour- 
hood of 1 ; 1 . A number of prominent industrialists whose views have been sought 
have independently suggested that something like a 1 ; 1 ratio is likely to prevail 
in their own fields of production as these develop over the coming decade. This 
is supported by such statistical evidence as is available over a longer period about 
the trend in the number of scientists and engineers, and the trend of output, in 
individual industries. 

36. Paragraphs 17-18 and Appendices III and IV showhow the concentration 
of scientific manpower varies between industries. In some sectors (for example, 
the electrical industry, and chemical and alHed trades) the proportion is high. 
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In others it is extremely low. Information bearing on the ^me point, and 
showing the large amount of variation which occurs even in differeiit sectors ot 
the eninneering industry itself, was given in our previous report oii the Recruit- 
ment of Engineers by this industry.* It is, of course, fair to recognise that needs 
will differ between one industry or section of an industry and another, and that 
there is no “ridit” proportion of qualified men for all industries. Even so, we are 
fully aware that if they are to survive in the face of modern competition, some 
sectors of British industry may have to raise their present lo^w level of employ- 
ment of scientific manpower at a rate faster than that at which their output is 
Ukely to rise. We also recognise that there will be a general need throughout 
industry to employ relatively larger numbers of trained scientific manpower with 
the increase in the use of automatic methods of control. And, lastly, we are fully 
conscious of the fact that it is impossible to forecast those kinds of techmcal 
development which might completely transform both the nature and the man- 
power requirements of industry in the long term. 

37 In spite of these uncertainties, we have decided that it is more reasonable to 
base our projections of the Ukely need for scientific manpower on the assumption 
that demmd within each industry will, on the average, increase m direct propor- 
tion to increases in industrial output than on some even more arbitrarily chosen 
relationship. Our answer should not, however, be regarded as implying more 
than the minimum level of supply of trained scientific manpower which, in our 
view, sho uld be available at the end of the ten-year period that we are considenng. 

The rate of growth of the economy 

38 We were advised that it would be appropriate to work on the basis of an 
average increase of industrial production at the rate of 4 per cent per annum. 
In the next decade Uttle increase is expected in the number of workers m industry ; 
the vrowth of production will depend upon increpe in output per man-year. 
To achieve the postulated rate of growth, we are informed, would require the 
diversion of consumers’ incomes to savings to a greater extent than at present 
in order to make possible a strong expansion of productive investment arid 
exDorts A greaterrate of growth than 4 per cent would require correspondingly 
greater changes of the same kind. The extent and speed at which these econoinic 
Idjustments can take place will depend upon political, economic and social 
considerations (both within and outside Britam) which we cannot judge Our 
purpose has been to ensure that a 4 per cent rate of growth is rendered 
possible by an adequate supply of scientists and technologists. 

39. An overall expansion of industrial output of 4 per cent a year is, of cour^, 
the weighted average of the contributions of the main industrial groups, m the 
chemical and engineering industries the annual rates of increase are psumed to 
be 7 per cent and per cent respectively, whereas a much smaller increase ot 

per cent per annum is assumed for the textile industry. 

40. The assumed increase in output of each sector of industry has been used as 
a basis for calculating what the prospective demand will be for scientific manpower 
ten years hence. 

The estimation of the present shortage in scientific manpower 

41. The replies to the Ministry of Labour questionnaire provide an indication 
of the number of scientists and engineers who would be employed in tlmee years 
time assuming that the men were available. Without quahfication, the fibres 
imply that the number of scientists and engineers who would be employed by 
manufacturing industry in 1959 would be 3 7 per cent greater than in 1956. 
•Report on the Recruitment of Scientists and Engineers by the Engineering Industry 

(H.M.S.O., 1955). 
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42. It has been made clear by a number of firms that their demands for the three 
years to 1959 reflect a considerable margin for current shortages of qualified 
scientists and engineers, as well as allowing for “normal” increases in output 
and employment. We have tried to isolate the element of shortage by assuming 
that demand for trained manpower in each industry would at the verv least rise, 
in relation to the number now employed, by the same proportion as output is 
expected to do over the next three years. This gives an estimate of manpower 
needs in 1959 without any allowance for current shortages. The difference between 
this estimate and the figures supplied by industry is then taken to represent the 
presumed current shortage. An allowance for this factor has, therefore, been 
added to the number currently employed, before making the extrapolations 
based on changes in output over the next ten years. 

Method of estimating future demands 

43. Our estimate of the future requirements of manufacturing industry' has 
been calculated, in the way outlined in paragraph 42, by first making an appro- 
priate addition to cover prevailing shortages in the existing stock of scientists 
and engineers in each major industrial group. Tliis figure was then increased in 
direct proportion to the cumulative rate of growth which each industrial group 
is postulated to undergo over the next ten years. The result gives an estimate of 
demand for scientific manpower in 1966, in terms of the number of scientists 
and engineers, which we believe would be necessary to permit an increase in 
total industrial output amounting to 4 per cent per annum. 

44. The estimates of future employment of scientists and engineers in the public 
sector of scientific employment have been dealt with separately. The estimates 
for Government Departments are based on existing policies and allow for only 
a very modest increase over the next ten years. In the field of education we have 
postulated sufficient teachers to deal with the increased number in secondary 
schools over the next ten years, but not for any further concentration on scientific 
subjects nor for any improvement in existing staffing ratios. A reasonable allow- 
ance for the latter would have been about 4,000 additional Science Graduates. 
Requirements of the universities are assumed to increase by about 100 per cent 
over the ten-year period. 

45. We fully realise that we may have taken too conservative a view of the 
demand for scientific manpower that may develop in some parts of the public 
sector of the economy. On the other hand, we have not allowed for any decrease 
in our research effort for defence. On balance, it is reasonable to suppose that 
changes in demand by pubUc authorities over the next ten years will not materially 
affect the order of magnitude of our final answer about the training of scientific 
manpower. Our concern is to provide an estimate of requirements which will be 
generally accepted as a minimum goal at which the universities and technical 
colleges can aim in the effort to provide for the increasing demand which is 
likely to develop in all sectors of the economy. 

46. The broad conclusion of our calculations is that a condition essential to an 
annual rate of growth of 4 per cent in total industrial output is an increase in 
the number of qualified scientists and engineers employed from the present level 
of about 135,000 to somewhere in the region of 220,000 in 1966 — an increase of 
rather over 60 per cent. In the strict sense of the definitions given in paragraph 6, 
the increase in requirements of engineers is estimated at about 70 per cent 
between 1956 and 1966, while the demand for scientists is expected to rise by 
about 50 per cent over the same period. 

47. The order of magnitude of this projected increase in requirements of 
scientists and engineers is influenced by several factors, of which the most 
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important is the assumption that on an average the demand in each industry will 
increase in direct proportion to increases in output of that industry. We are, of 
course, aware that, in some industries, the number of trained scientific personnel 
is expected to increase at a faster rate than output — ^whether in an effort to catch 
up with present technical knowledge or, given that they are not technically 
backward, in adapting to as yet undefined technological developments. If this 
were to turn out to apply to British industry as a whole, our estimates of future 
demand would undoubtedly prove inadequate. But we have no reason to believe 
that this will be the case. Even though the same trend might well apply to certain 
backward sectors of industry, which in total are responsible for only a small part 
of the overall demand for scientific manpower, the most reasonable assumption, 
unless we turn entirely to guess work, is that an average ratio of 1 : 1 strikes a 
balance between industries in which trained manpower is likely to increase at a 
rate faster than output and those in which it will increase at a slower rate. The 
method followed in our calculations allows for the weighting of the final answer 
according to the greater volume of growth which it is assumed those industries 
(e.g. the chemical) that are now relatively strong in scientific manpower will 
undergo relative to others which are weak. 

The annual flow of qualified scientists and engineers required in 1966 and 1970 

48. It is extremely difficult to translate our estimates of future demands into 
figures of annual flow. The difficulty is that we do not know what proportion of 
all scientists and engineers who obtain university degrees, or, in the case of 
engineers, who obtain equivalent qualifications, actually take up employment in 
Great Britain, and what proportion should be classified as overseas students, 
British students who emigrate, women graduates who are not employed except 
in the home, or science graduates who take up occupations that are not normally 
classified under the headings of science or engineering. Nevertheless, for practical 
purposes it is essential that we obtain some idea of the gross flow of people 
qualified in pure and applied science which would be compatible with a 1966 
employment figure of the order of 220,000. Today the annual gross flow from 
the universities and technical colleges is a little over 10,000 in the sense of people 
taking first degrees or equivalent qualifications in the subjects listed in para- 
graph 6 — about half of these are scientists and half engineers. Of the latter under 
half are university graduates. There are already signs of an increase in student 
numbers, and it may well be that the flow will rise to 12,000 by 1958/59, so that 
over the next five years our universities and technical colleges might turn out 
some 60,000 people qualified in science and engineering. If we make reasonable 
allowances for emigration, overseas students, etc., the average annual flow for 
the following five years would have to reach 16,000 if the stock of scientists and 
engineers were to increase to 220,000 by 1966. This would represent a remarkable 
educational achievement. Caution demands that we assume that there will still 
be a shortage of scientific manpower, and particularly of engineers ten years hence. 

49. In fact, no one can predict the rates at which the annual flow of newly 
qualified people and of the total stock of scientists and engineers in employment 
are likely to increase. The best we can do is to calculate what the net intake should 
be in order to allow for a continued growth of production after 1966, assuming 
a stock of scientists and engineers at that date of 220,000, and to add to it an 
allowance of 25 per cent for overseas students, emigration, etc., as well as for the 
continuation of some measure of shortage. The result provides some idea of 
what the annual flow would have to be in order to enable industrial production 
to continue to increase at a rate of 4 per cent per annum. A figure can be similarly 
calculated for 1970 on the assumption that production continues to increase at 
about the same rate, and that the stock of scientists and engineers rises between 
1966 and 1970 in accordance with our estimate of requirements. 
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50. The result of these calculations is summarised very briefly below ; 

Annual output of qualified scientists and engineers 

Thousands 

1954/55 10-3 

Estimated requirements 

1966 16-9 

1970 19-9 

Thus the projections suggest that the number of people qualifying each year 
in science and engineering would need to increase from about 10,000 in 1954/55 
to about 20,000 in 1970 — an increase of about 100 per cent. 

51. Our reservations about advancing precise estimates of the required flow of 
properly qualified scientific and engineering manpower in 1966 and 1970 apply 
with even greater force to any attempts that might be made to provide figures 
for scientists and engineers separately. The two categories are distinct only in 
the way defined in paragraph 6 and, in practice, overlap at many points. Many 
people who have been trained as physicists work as electrical engineers or 
metallurgists, and others who have taken a university degree as chemists become 
chemical engineers. In the light of present developments in the education of 
engineers and also of “pure” scientists, it would be hazardous to try to define 
the relationship of these two classes ten years hence. All that we can say with 
certainty is that the increase in output that will be required over the next ten 
years or so is likely to be very much greater for men and women trained in the 
engineering than in the basic sciences. 

The source of students 

52. If this rate of flow is to materiaUse, higher education in science and engineer- 
ing will have to continue to develop at least as vigorously in the second post-war 
decade as it did in the first. Such a rate of flow also requires that the proportion 
of each age group which proceeds to a higher education in the sciences (now a 
little over 1 per cent) will not fall, and may even have to rise, as the post-war 
increases in births raise the numbers between 18 and 20 in the population. 
If the proportion were to remain the same as today, the absolute increase would 
be from 8,660 new university students in science and technology in 1955/56 to 
about 13,000 in 1966/67, in addition to the numbers entering advanced courses 
at the technical colleges. The increase would, of course, be greater, the greater the 
shift from the humanities to science. Further, in our 1952 report (Cmd. 8561) we 
strongly advocated, as a matter of national policy, that every encouragement 
should be given to increasing the proportion of each age group who stay on at 
school until the pre-university year. At that time the figure was 7 per cent. Today 
it is about 9 per cent, and on the assumption that present trends continue, it 
would rise to about 15 per cent by 1966 or 1967. We do not doubt that enough 
talented boys and girls will be available, if they choose to take up careers in 
science and engineering, to be trained at the rates which we recommend should 
be the basis of national policy. This, of course, assumes that facilities for 
secondary education are adequate. 

The future pattern of the Universities and Technical Colleges 

53. It is for the University Grants Committee and the Education Departments 
to consider how these likely demands for graduates in pure and applied science 
are to be met. The expansion which has already taken place in the technical 
colleges is not fully reflected in the current aimual figures of newly qualified 
technologists, because a good number of students have to spend some time in 
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acquiring the additional academic qualifications or practical experience needed 
for membership of a professional institution. This expansion, coupled with the 
five-year programme initiated this year, should produce a substantial increase 
in the number of professional engineers educated at technical colleges. Their 
quality should at least be maintained, and may be expected to improve as a 
result of the growth of sandwich courses and the creation of the new award of 
Diploma in Technology. These are welcome developments, but it is our view 
that, provided it does not involve a lowering of their standards, the universities 
should attempt to carry as much as possible of the burden of expansion required 
to meet the estimate that we have made of the likely, even if minimum, demands 
for professional scientists and engineers. There is, in our view, little risk that the 
greatest possible combined efforts of the universities and technical colleges will 
result in any over-production of professional scientists and engineers during the 
1960’s. 



Conclusion 

54. Projections of the kind with which this section of the Report is concerned 
are essentially a guide to action, and not a form of prophecy about the scientific 
content of British industry ten years hence. The merit of our present assessment 
is not that it may provide a better picture of future needs for scientific manpower 
than have our previous reviews, but that it starts off with a better picture of the 
employment of scientists and engineers today. Even so, and as we have already 
made clear, we are fuUy aware that there are gaps in our knowledge about the 
existing situation. For that reason the Committee on Scientific Manpower 
proposes to maintain and extend the supply of information bearing on this 
matter. We realise that the figures for the present stock of scientists and engineers 
in manufacturing industry may still be subject to some margin of error, and that 
we have no knowledge of the precise proportion of science graduates who take up 
work in their respective fields of study in Great Britain. We know that our figures 
about scientific employment in the public sector of the economy, including 
teaching, reflect current policy which may well differ from future policy. And we 
have no illusions about the sanctity of the notion that, on average, the number of 
scientists and engineers employed in industry wiU increase in proportion to 
increases in output. All we have done is to decide that such a view is better than 
any other on which we could have based our calculations. In consequence we 
are satisfied that it points to a reasonable goal at which universities and technical 
colleges should aim. 

55. The correlation between increases in industrial output and increases in the 
numbers of scientists in employment is more than fortuitous. Modern science, 
whether basic or engineering science, is the source of almost aU the ideas on 
which the development of modem industry depends, and certainly the source of 
all the more important ideas. We cannot foretell what scientific or technological 
developments are likely to transform industry in the future ; but we can say that 
scientists and technologists are an essential condition to the healthy growth of 
industry, now and in the future. Adequate numbers of properly trained men are 
thus critical for the maintenance and improvement of Britain’s present position 
in the face of increasing technological and business competition from abroad. 

56. The statements made by industrialists about their need for scientific man- 
power should be seen, at least for the next decade, as statements of intention ; 
statements that without scientists and engineers manufacturers cannot transform 
the character and also the scale of their operations. At the national level, the 
conclusion that over the next ten to fifteen years we should aim at an annual 
figure of “graduations” in pure and applied science of about 20,000, as compared 
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with 10,000 today, is a statement of a minimum goal which needs to bo achieved 
if the economy is to grow at an acceptable rate. If the universities and technical 
colleges can achieve more, so much the better. We are reluctant to believe that 
less could be accepted as a target. 
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APPENDIX I 



For the purpose of this report the term “qualified scientists and engineers” includes, 
1 n addition to university graduates, corporate and graduate members of the following 
professional institutions ; and associates of the educational institutions listed below. 

A. List of Professional Institutions 

The Royal Aeronautical Society 
The Institution of Chemical Engineers 
The Royal Institute of Chemistry 
The Institution of Civil Engineers 
The Institution of Electrical Engineers 
The Institution of Gas Engineers 
The Institute of Marine Engineers 
The Institution of Mechanical Engineers 
The Institution of Metallurgists 
The Institution of Mining and Metallurgy 
The Institution of Municipal Engineers 
The Institution of Naval Architects 
The Institute of Physics 
The Institution of Production Engineers 
The Institution of Structural Engineers 

B. List of Educational Institutions 

The Camborne School of Mines 

The City and Guilds of London Institute 

The Heriot-Watt College 

The Manchester College of Technology 

The Royal College of Science (London) 

The Royal College of Science (Ireland) 

The Royal School of Mines 

Tlie Royal Technical College, Glasgow 
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APPENDIX II 

Scientists and Engineers Employed in Great Britain in early 1956 
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The industrial analysis is based on the Orders of the Standard Industrial Classification. Some Orders have been subdivided, the contents of the subdivision being showii 
by the Industry Code Letters (also taken from the 5'/fl/i<far<f 7nifusrr/n/ C/<Mvi>?Cflr/ort) quoted in brackets, 

Manufacture, production, operation, maintenance and installation. 

Excluding establlshpients with vmd^r 100 total employees, 
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* The industrial analysis is based on the Orders of the Standard Industrial Classification. Some Orders have been subdivided, the contents of the subdivisions being 
shown by the Industry Code Letters (also taken from the Standard Industrial Classification) quoted in brackets. 
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iritish Railways, Loadoq Transport Executive ami Docks Division, 



APPENDIX IV 

Table III,— Scientists and Engineers Employed in 1956 And Estimated 
Requirements in 1959, Analysed by Profession 
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Excluding departments having less than 50 scientists and engineers. The omission does not signiQcaiUly affect the total figures. 
Excluding H.M. Oversea cl^ Service. 
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APPENDIX V 



NOTE ON THE SAMPLING ARRANGEMENTS 

The Social Survey sent the enquiry forms to a sample of establishments in manufacturing 
industty selected at random from the list of those which supply the Ministry of Labour 
periodically with information about employment. The sample included all establish- 
ments at which 500 or more persons are employed; one-quarter of all ^tablishments 
with between 200 and 499 workers ; and one-twelfth of all establishments with between 
100 and 199 workers. Establishments with less than 100 workers were excluded from 
the Survey. 

Of the establishments approached, 85 per cent co-operated by supplying information. 

It was assumed throughout that the proportion of scientists and engineers to the total 
number of employees at the establishments which supplied information was representa- 
tiveof the whole industry, and the estimates for each industry were made on this basis . 

The sampling fractions in the building and contracting industry were one-half of the 
firms with 500 workers or more; one-eighth of the firms with 250-499 workers; and 
one-twentyfourth of the firms with 100-249 workers. The estimates were made on the 
same basis as for manufacturing industry'. 
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APPENDIX VI 



ADVISORY COUNCIL ON SCIENTIFIC POLICY 
COMMITTEE ON SCIENTIFIC MANPOWER 



Membership of the Committee 



Professor Sir Solly Zuckerman 
Sir Frederick Brundreit . . 

Mr. R. W. B. Clarke 
Sir John Cockcroft . . 

Sir Harold Roxbee Cox 

Sir Gilbert Fleklvgng 
Mr. A. J. S. Jaivies 
Mr. E. D. T. JouRDAiN 
Sir Keith Murray . . 

Sir William Murrie . . 

Sir Ewart Smith 

Dr. C. P. Snow 



Chairman 

Chairman, Defence Research Policy Com- 
mittee 

H. M. Treasury 

Director, Atomic Energy Research Establish- 
ment 

Director, Wiimot Breeden Ltd. 

Director, The Brush Group Ltd. 

Secretary, Ministry of Education 
Ministry of Labour and National Service 
'Office of the Lord President of the Council 
Chairman, University Grants Committee 
Secretary, Scottish Education Department 
A Depu^ Chairman, Imperial Chemical 
Industries Ltd. 

Civil Service Commission 



Secretary 

Mrs. E- H. Boothroyd . . . . Office of the Lord President of the Council 



Note: 

pe Committee on Scientific Manpower was assisted by a Technical Sub-Committee under 
iSf pa^ansh^ of Mr. C. T. Saunders, Deputy Director of the Central Statistical Office, 
pe tollowmg Departments were represented on the Sub-Committee:— Lord President’s 
Office, Treasury, Ministry of Labour and National Service, Ministry of Education and the 
University Grants Committee. 



28 



Printed image digitised by the University of Southampton Library Digitisation Unit 



